ABSTRACT. The neonatal serum lipid transport system FF, formula fed was monitored in the 1st month of life to determine the LCAT, lecithin cholesterol acyltransferase impact of oral feeding (breast versus formula). Lipid and apolipoprotein levels were measured in the serum of normal newborn infants collected a t birth, 3, 14, and 28 days of age. Fatty acid and neutral lipid studies were determined by gas-liquid chromatography and apo~~poprote~n levels
a t all intervals, the cholesterol esters were higher a t 1 4 the earliest changes in plasma lipoproteins have no and 28 days in BF infants. A~~A -I and A~~B levels were relation to the introduction of nutrient intake by mouth but are higher at days in F~, but ~~~c -1~~ levels were the same. related to other changes associated with the transition to posta l~ other sampling times, no discernible differences in partum life. Otherwise, the beginning of oral fat consumption is these parameters were found between B F and FF. For the with increased plasma lipids. infants as a group, changes in levels with increasing age TO extend previous studies on the developmental aspects of were similar for both ApoA-I and cholesterol esters, a s plasma lipid transport (2, 4, (8) (9) (10) , the authors undertook a study was the case for ApoB and triacylglycerols. However, on changes in this transport system during early postpartum life. numerous differences between BF and FF were seen in We evaluated changes in the serum lipids and apolipoproteins molecular forms of triacylglycerols and cholesterol esters, following feeding in the first 4 wk of life. To assure that factors reflecting the dietary fatty acid differences between breast previously affect levels ( l l ) played no role, only milk and formula. Analyses of the fatty acid content of normal newborn infants defined by strict criteria were included these two diets demonstrated that human breast milk con-in the study. In addition, since a new variable was being added, tained twice as much palmitic and oleic acid but only one-i.e. feeding, the authors elected to compare the effects of breast half the linoleic acid of formula. In summary, little differ-feeding and formula feeding on serum lipid and apolipoprotein ence in serum lipid classes and apo~~poprote~n levels were levels. Our working hypothesis was that no significant changes found between BF and FF during the first 4 wk of life. would be produced by the two different diets. In the following H~~~~~~, striking differences in the molecular forms of report, data are presented for the entire patient population and both triglycerides and cholesterol esters between the two then for two separate ~o~u l a t i o n s , those fed breast milk and groups reflected the differences in the fatty acid composi-those fed formula. tion of human milk and formula. (Pediatr Res 20: 332-337,1986)
MATERIALS AND METHODS
Subject recruitment. Prior to their admission to the labor and Abbreviations delivery suite, mothers-to-be were recruited from the practice of TG, triacylglycerol members of the Department of Obstetrics at a local hospital only C, cholesterol if they were to have their infant subsequently followed by a CE, cholesterol ester member of the Department of Pediatrics at the same hospital.
TC, total cholesterol Permission to participate in the study was obtained in the delivery ApoA-I, apolipoprotein A-I, the principal protein moiety suite. Following delivery, if the newborn infant met the requireof high-density lipoproteins (HDL) ments for admission to the study, informed consent was obtained ApoB, apolipoprotein B, the principal protein moiety of from the mother. Criteria for admission included: 1) cephalic low-density lipoproteins vaginal delivery, 2) a birth weight between 2500 and 4000 g, 3)
ApoC-111, apolipoprotein C-111 a gestation period of 39-41 wk and 4) no perinatal disorder. A BF, breast fed total of 30 infants entered the study (20 BF, 10 FF) with 18 (13 BF, 5 FF) completing the study.
that the study was performed. Discontinuation of breast feeding and a switch to formula feeding excluded that infant from the study.
Sample collection. Maternal blood was collected before delivery as a venous sample in the labor and delivery suite. Cord blood was obtained from the placenta immediately following the infant's birth. All subsequent samples were obtained from the infants by heel stick using a standard collection system at 2-3, 12-14, and 26-28 days following delivery. Collection times were carefully adhered to and improper collection resulted in exclusion of that sample from the study.
Laboratory tnethod.~. Neutral lipid analyses for TG, C, and CE were performed by gas-liquid chromatography as previously described (12) . This separation of neutral lipids yields C and three forms of CE. The three forms of CE are differentiated by the acyl carbon length of the esterified fatty acid and are designated: C-16, C-18, C-20. TGs are also differentiated by their esterified total acyl carbon content (TG-50, TG-52, TG-54).
The sum of the various molecular forms was used to compute TC and TG levels. Total fatty acids were determined after saponification of human milk and formula as previously reported for plasma lipids ( 1 2). Electroimmunoassays were used to determine apolipoproteins A-I, B, and C-111 as previously described (1 1). In a limited number of maternal and cord samples, more extensive apolipoprotein analyses were performed using electroimmunoassays available in this laboratory (1 I). Double diffusion analyses were performed on 1% Difco-Bacto agar as previously described (4). LCAT activity was determined by a modified Glomset-Wright assay (13) . All activity levels were compared with the maternal levels.
Statistical analyses for significant differences between the two groups at each sampling interval were performed by the t test. Pearson correlation coefficients were calculated using the Statistical Analysis System (SAS Institute, Inc, Carey, NC).
RESULTS
The lipid and apolipoprotein parameters for all infants frorn birth until 4 wk of age are presented in graphic form (Fig. 1) . ApoA-1 and CE had very similar patterns following birth and both reached a maximum at 14 days. Less pronounced but = similar changes were noted for C while both ApoB and TG increased slightly after 3 days and ApoC-111 decreased. Statistical -correlations of these changes are presented both for all intervals (includes cord serum) and for the 3-to 14-day period (Table 1) .
% For the entire study period, ApoA-1 levels were significantly < related to the levels of ApoB and C. ApoB was related signifi-
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cantly not only to A-1 but also to all of the lipid classes studied, i.e. TG, TC, C, and CEs. When the period from 3 to 14 days was evaluated, no significant relationship between ApoA-I and ApoB was found, suggesting that these apolipoproteins increase after feeding independently. In this time frame, ApoA-1 was positively correlated with all C classes but was negatively correlated with TG, ( r = -0.41, p = 0.078). ApoB remained signifi-' O cantly related to all lipid classes for this period.
Changes in neonatal LCAT activity were followed over the 1st month of life. These are shown for the mother at delivery and the infant from birth through 28 days of age ( Table 2 ). As expected, the LCAT levels of cord sera were substantially lower than those of maternal sera. Levels increased following birth in a pattern similar to ApoA-1 and CE but were never greater than Neutral lipid levels (Table 3) were compared for BF infants and FF infants over the same interval. Maternal values prior to delivery confirmed the known large concentration gradient of neutral lipids across the placenta between the maternal and fetal systemic circulations (1). Our hypothesis that no significant difference between BF and FF would be found in the neutral lipids levels following feeding was confirmed for all lipid classes except TGs. At 3 days of age, formula feeding produced a significantly higher TG level than the level in BF infants. This is consistent with the fact that mothers are not producing significant amounts of fat in the breast milk prior to this time. This differece was absent in the 14-and 28-day samples. A more detailed analysis of the C and TGs species demon strated a qualitative difference between BF and FF infants' serun lipids (Fig. 2 ) while no such difference was seen in cord serun levels. Free C appears to be unaffected but the fatty acid ester: of C were quite different. Quantities of C-18 CEs were similar ir both groups while the total amount of both C- 16 in the BF infant were higher at each time point when compared to those seen in the FF infant. When expressed as percent of TC as shown in Table 4 , the differences were significantly different at every interval studied except for the C-18 and C-20 CEs at 28 days. TG species were also markedly affected by the type of feeding. In Figure 3 , TG-50 and TG-52 rose early but fell to lower levels in FF infants throughout the sampling period while the TG-54 species became the predominant TG species at 28 days. Compositional differences (Table 4 ) were significant at all times except for TG-52 at 3 days of age.
The total fatty acid composition of human milk was compared with the formula used in this study ( Table 5 ). The quantitative differences in fatty acid content between the two offer an explanation for these major differences in composition of C and triglyceride species. Large differences in fatty acids were found both on a weight basis and a percentage basis. Human milk contains twice as much palmitic and oleic fatty acids as formula but only one-half as much linoleic. The linoleic fatty acid in formula accounted for over 42% of its total fatty acid content, while it was only 16% of human milk. Analyses of other proprietary formulas demonstrated similar patterns of fatty acids in a number of formulas. A follow-up study was performed to determine whether breast milk might change its fatty acid composition over the time frame of this study. No changes were found in the fatty acid composition of breast milk of one individual followed for 73 days postpartum.
Apolipoproteins were examined for both qualitative and quantitative differences between BF and FF infants. The apolipoproteins A-I, A-11, B, C-11, C-111, D, and E were detected by double diffusion analyses in both mothers and infants at each sampling point. One apolipoprotein (ApoF) was not detected in cord serum as well as at 3 days of age but was present at 14 and 28 days of age. The absence or only trace levels of ApoF at 0 and 3 days was confirmed by electroimmunodiffusion. ApoF was found at 14 days and remained present at 28 days. No other major qualitative difference between BF and FF infants was noted.
Changes in apolipoprotein levels were observed for both BF and FF infants at the four sampling times (Table 6 ). ApoA-I[ increased rapidly following birth and began falling from its peak at 2 wk of age. The increase in ApoB was much less rapid though it peaked in FF infants at 3 days with leveling off by 14 days. No significant differences in apolipoprotein levels were found between the two groups. This may be a reflection of the limited number of infants, especially those fed formula, who were studied in the 4-wk period.
Weight changes from birth up to 26 wk of age were monitored for both groups. Again, no significant difference in weight gain was found either during the study period or in the subsequent 26-wk follow-up after completion of study. The mean weight of both groups was similar at birth (BF, 3.38 ? 0.37 kg; FF, 3.54 t 0.32 kg) and no significant association was found between type of feeding and subsequent weight gain.
DISCUSSION
Following delivery of normal infants who were either BF or FF subsequently, dramatic changes in both serum lipids and apolipoproteins were found during the first 4 wk of life, consistent with previous reports (2, (14) (15) (16) (17) . In the present study, both apolipoproteins and major classes of lipids reached their maximum levels at 14 days, followed by a decline to lower levels at 28 days. Changes in lipids were similar for both BF and FF infants with some variation in levels of TG and total C at both 3 and 14 day sampling times but the levels reached at 28 days were similar for both types of feeding. The TC values at 28 days were in the lower 5th percentile of the young adult population levels while TG levels were similar to the mean of this population [18) .
The apolipoproteins had a pattern similar to the rise and fall of the lipids over the 1st month of life. ApoA-I, the major apolipoprotein of HDL, peaked at 14 days for both types of feeding at a level higher than typical for a normolipidemic population of adults (4, 19) , and at 28 days was at levels typical for the adult population. ApoB, the principal protein moiety of low-density lipoproteins, did not show as clear-cut a pattern but the BF infants had higher levels at 28 days than the FF infants.
However, levels of ApoB at 28 days for both groups were in the lower range for normolipidemic adults (19) . Accompanying the maximal levels of Apo-I and CE at 14 days was the maximum of LCAT activity consistent with the cofactor role of ApoA-I and CE being the product of LCAT action (20) . These changes in the plasma lipid transport system appear to reflect the introduction of exogenous fat via the intestine. However, the initial sharp increase in lipids and apolipoproteins during the first 2 wk of neonatal life may be due to a change in the equilibrium of the infant's system. The reason for the different pattern of appearance of ApoA-I and ApoB is unclear but may reflect the contrasting roles these apolipoproteins play in lipid transport in the vascular compartment. ApoB-containing lipoproteins deliver TG and C to tissues primarily in an unidirectional mode (2 1) to meet both energy and membrane formation requirements, while ApoA-1, in conjunction with LCAT, plays an important role in the redistribution of C between tissues (22).
Although not assessed quantitatively, the qualitative analysis of other apolipoproteins demonstrated the presence of all apolipoproteins previously reported to be present in cord serum (4) at each sampling time. The only exception to this was the absence of detectable ApoF by double-diffusion analyses in cord serum and at 3 days. The significance of this observation remains unclear but may be related to this acidic apolipoprotein's role in plasma CE metabolism (23) .
The other aspect of early changes in the neonate's plasma lipid t8-ansport system was that associated with feeding two different types of dietary fat. The differences between the fatty acid composition of breast milk and the proprietary formula were striking. These differences were reflected in the molecular species of both plasma triglycerides and CEs. Formula when compared to breast milk had twice as much linoleic acid (18:2), the precursor of arachidonic acid and prostaglandins. Since the fatty acid composition of the body is a reflection of the dietary fatty acid composition (24, 25) , this difference should be reflected in increased membrane fluidity and thus alterations in permeability (26) to various physiologic and nonphysiologic agents. In addition, the decrease in CEs having 20 carbons, presumably arachidonic acid in the FF infants, might be a reflection of the utilization of such esters in the formation of prostaglandins (27). However, the more plausible explanation for the reduction of arachidonic acid in CEs would be that the saturation of phospholipids with linoleic acid, the preferred substrate for LCAT (22) , limits the formation of cholesteryl arachidonate. Further evaluation of the mechanisms responsible for these changes and their potential effect on both development and long-term morbidity will require additional information and long-term prospective studies.
Birth and the introduction of dietary fat produce a striking change in the plasma lipoprotein system. Serum TG C, and CE levels increase rapidly, but the distribution of esters depends upon the type of fatty acid present in the diet. Apolipoproteins show similar changes, but the changes in Apo A-I and Apo-B from 3 to 14 days of age were not significantly correlated, suggesting that the initial production of ApoA-I and Apo-B following birth may be under separate control. The final result is a lipid transport system at 1 month of age closely resembling that of the young adult population but markedly different from the system present at birth.
